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AN ENHANCED SYSTEM FOR YAW STABILITY CONTROL SYSTEM TO 
INCLUDE ROLL STABILITY CONTROL FUNCTION 

RELATED APPLICATIONS 

[0001] The present invention claims priority to 
provisional application no. 60/332,063 filed on 
November 21, 2001, and is a continuation of non- 
provisional application no. 10/174,926 filed June 19, 
2002. 

TECHNICAL FIELD 

[0002] The present invention relates generally to a 
control apparatus for controlling a system of an 
automotive vehicle in response to sensed dynamic 
behavior, and more specifically, to a method and 
apparatus for controlling the yaw and roll motion of a 
vehicle . 

BACKGROUND 

[0003] Dynamic control systems for automotive vehicles 
have recently begun to be offered on various products. 
Dynamic control systems typically control the yaw of the 
vehicle by controlling the braking effort at the various 
wheels of the vehicle. Yaw control systems typically 
compare the desired direction of the vehicle based upon 
the steering wheel angle and the direction of travel. By 
regulating the amount of braking at each corner of the 
vehicle, the desired direction of travel may be 
maintained. Typically, the dynamic control systems do 
not address roll of the vehicle. For high profile 
vehicles in particular, it would be desirable to control 
the rollover characteristic of the vehicle to maintain 
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the vehicle position with respect to the road. That is, 
it is desirable to maintain contact of each of the four 
tires of the vehicle on the road. 

[0004] In vehicle roll stability control, it is 
desired to alter the vehicle attitude such that its 
motion along the roll direction is prevented from 
achieving a predetermined limit with the aid of the 
actuation from the available active systems such as 
controllable brake system, steering system and suspension 
system. Although the vehicle attitude is well defined, 
direct measurement is usually impossible. 

[0005] Existing yaw stability control systems may aid 
in preventing a vehicle from spinning out, and hence may 
indirectly reduce the potential for the vehicle to have a 
side collision with a barrier thus reducing the 
likelihood of a rollover. However, due to different 
control objectives for yaw stability and roll stability, 
the standard yaw stability control system will not 
directly or automatically improve vehicular roll 
stability. Vehicle tests have shown that the standard 
yaw stability control system does not react properly to 
many on-road rollover events. One reason is that the yaw 
stability control system is intended to regulate both the 
under-steer and the over-steer of the vehicle such that 
during driving on abnormal road surface conditions the 
vehicle can still be controlled by a driver using his 
driving skills developed for normal road surface 
conditions. The roll stability control system, however, 
needs to make the vehicle under-steer more during the 
detected aggressive driving conditions that may 
contribute to vehicle roll instability. Intentionally 
making the vehicle under-steer (as required for roll 
stability control) and intentionally making the vehicle 
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neutral-steer (as required for yaw stability control) are 
two different objectives. Notice, however, that if a 
near-rollover event is caused by an aggressive over- 
steer, the yaw stability control system might help 
improve roll stability due to the fact that it brings the 
vehicle to neutral-steer so as to reduce the amount of 
vehicle over-steer. 

[0006] It is therefore desirable to provide an 
enhanced yaw stability control system such that the 
traditional yaw stability function is preserved and at 
the same time the system will directly and properly react 
to potential vehicular rollover events. 

SXIUHARY OF THE INVENTION 

[0007] The present invention is particularly suitable 
for adding roll stability control capability to a vehicle 
in the standard vehicle yaw stability control system. 
This roll stability control function may be implemented 
in two ways. First, the system may be formed as a 
removable stand-alone function, or, second, as an 
integrated function with the yaw stability control 
strategy. 

[0008] In one aspect of the invention, a control 
system for an automotive vehicle has a yaw rate sensor 
generating a yaw rate signal corresponding to a yawing 
angular motion of the vehicle body, a lateral 
acceleration sensor generating a lateral acceleration 
signal corresponding to a lateral acceleration of a 
center of gravity of the vehicle body, a steering angle 
sensor generating a steering angle signal corresponding 
to a hand-wheel angle, and four wheel speed sensors 
generating wheel speed signals corresponding to each 
rotational speed of each of the four wheels of the 
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vehicle. A yaw stability control unit and a roll 
stability control unit are coupled to the yaw rate 
sensor, the lateral acceleration sensor, the steering 
wheel angle sensor, and the wheel speed sensors. The yaw 
stability control unit and said roll stability control 
unit determine a respective yaw control signal and a 
rollover control signal from the yaw angular rate signal, 
the lateral acceleration signal, the steering wheel angle 
signal, and the speed signal. An integration unit is 
coupled to the yaw stability control unit and the roll 
stability control unit. The integration unit determines 
a safety system control signal in response to the yaw 
control signal and the rollover control signal. 

[0009] In a further aspect of the invention, a method 
of controlling an automotive vehicle comprises measuring 
a lateral acceleration of the vehicle body, measuring the 
yaw rate of the vehicle body, measuring a vehicle speed, 
which is usually a function of the wheel speed sensor 
signals and some calculated quantities used as standard 
variables in a yaw stability control system, measuring a 
steering wheel angle position of a vehicle hand wheel, 
determining a yaw control signal and a roll stability 
control signal as a function of the lateral acceleration, 
the yaw rate, steering wheel angle and the vehicle speed. 

[0010] Advantageously, since the on-road roll 
stability function is achieved by an added control 
system, there is no hardware change or control structure 
change for the yaw stability control. The roll stability 
control function could also be disabled from the standard 
yaw stability control system through an enabling switch. 

[0011] Other advantages and features of the present 
invention will become apparent when viewed in light of 
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the detailed description of the preferred embodiment when 
taken in conjunction with the attached drawings and 
appended claims . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 is a diagrammatic view of a vehicle 
with variable vectors and coordinator frames according to 
the present invention. 

[0013] Figure 2 is a block diagrammatic view of a 
stability control system according to the present 
invention. 

[0014] Figure 3 is a block diagrammatic view of the 
controller of Figure 2. 

[0015] Figure 4 is a block diagrammatic view of the 
roll stability control unit of Figure 3. 

[0016] Figure 5 is a block diagrammatic view of the 
function priority and integration limit of Figure 3 . 

[0017] Figure 6 is flow chart of determination 
according to the present invention. 

DESCRIPTION OP THE PREFERRED EMBODIMENT 

[0018] in the following figures, the same reference 
numerals will be used to identify the same components. 
The present invention is preferably used in conjunction 
with an existing yaw stability control system onto which 
the functionality of the roll stability control system is 
desired for a vehicle. Additionally, the present 
invention may also be used with a deployment device such 
as airbag. The present invention will be discussed below 
in terms of preferred embodiments relating to an 
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automotive vehicle moving in a three-dimensional road 
terrain . 

[0019] Referring to Figure 1, an automotive vehicle 10 
with a safety system of the present invention is 
illustrated with various forces and moments thereon. 
Vehicle 10 has front right and front left tires 12a and 
12b, and rear right and left rear tires 13a and 13b, 
respectively. The vehicle 10 may also have a number of 
different types of front steering systems 14a and rear 
steering systems 14b, including having each of the front 
and rear wheels configured with a respective controllable 
actuator, the front and rear wheels having a conventional 
type system in which both of the front wheels are 
controlled together and both of the rear wheels are 
controlled together, a system having conventional front 
steering and independently controllable rear steering for 
each of the wheels or vice versa. Generally, the vehicle 
has a weight represented as Mg at the center of gravity 
of the vehicle, where s = 9.8m/s^ and M is the total mass 

of the vehicle. 

[0020] As mentioned above, the present invention is 
preferably used to easily and inexpensively implement a 
roll stability control system within a yaw stability 
control system that uses brakes for yaw control. 
However, the system may also be used with active/semi- 
active suspension systems, anti-roll bars or other safety 
devices deployed or activated upon sensing predetermined 
dynamic conditions of the vehicle. 

[0021] The sensing system 16 is coupled to a control 
system 18. The sensing system 16 preferably uses a yaw 
stability control sensor set that includes a lateral 
acceleration sensor, a yaw rate sensor, a steering angle 
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sensor and wheel speed sensors. A roll rate sensor and a 
longitudinal acceleration sensor may also be used, but 
because the present invention is intended as an addition 
to a yaw stability control system, no further sensors are 
required. However, additional sensors may be used for 
confirmation purposes if desired. The various sensors 
will be further described below. The wheel speed sensors 
20 are mounted at each corner of the vehicle, and the 
rest of the sensors of sensing system 16 are preferably 
mounted directly on the center of gravity of the vehicle 
body, along the directions x,y and z shown in Figure 1. 
The angular rates of the car body are denoted about their 
respective axes as u;^ for the roll rate, ujy for the pitch 
rate and tjj^ for the yaw rate. 

[0022] The angular rate sensors and the acceleration 
sensors are mounted on the vehicle car body along the 
body frame of reference directions corresponding to the 
x-y-z axes of the vehicle's sprung mass. 

[0023] The longitudinal acceleration sensor is mounted 
on the car body at the center of gravity with its sensing 
direction along x-axis, its output denoted as . The 
lateral acceleration sensor is mounted on the car body at 
the center of gravity with its sensing direction along y- 
axis, and its output denoted as ay. 

[0024] Referring now to Figure 2, control system 18 is 
illustrated in further detail having a controller 26 used 
for receiving information from a number of sensors which 
may include a yaw rate sensor 28, a speed sensor 20, a 
lateral acceleration sensor 32, a roll rate sensor 34, a 
steering angle sensor (hand-wheel position) 35, a 
longitudinal acceleration sensor 36, a pitch rate sensor 
37 and steering angle actuator position sensor 39. 
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[0025] In the preferred embodiment, only the yaw rate 
sensor 28, lateral acceleration sensor 32, steering wheel 
angle sensor 35, and speed sensor 20 are used. That is, 
the remaining sensors illustrated are not necessary but 
may be used to form more robust implementations and/or to 
confirm the measurements of the other sensors. 

[0026] In the preferred embodiment the sensors are 
located at the center of gravity of the vehicle. Those 
skilled in the art will recognize that the sensor may 
also be located off the center of gravity and translated 
equivalently thereto. 

[0027] Lateral acceleration, roll orientation and 
speed may be obtained using a global positioning system 
(GPS) . Based upon inputs from the sensors, controller 26 
may control a safety device 38. Depending on the desired 
sensitivity of the system and various other factors, not 
all the sensors 28-39 may be used in a commercial 
embodiment. Safety device 38 may control an airbag 40, 
an active braking system 41, an active front steering 
system 42, an active rear steering system 43, an active 
suspension system 44, and an active anti-roll bar system 
45, or combinations thereof. Each of the systems 40-45 
may have their own controllers for activating each one. 

[0028] Roll rate sensor 34 and pitch rate sensor 37 
may sense the roll condition of the vehicle based on 
sensing the height of one or more points on the vehicle 
relative to the road surface. Sensors that may be used 
to achieve this include a radar-based proximity sensor, a 
laser-based proximity sensor and a sonar-based proximity 
sensor . 
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[0029] Roll rate sensor 34 and pitch rate sensor 37 
may also sense the roll condition based on sensing the 
linear or rotational relative displacement or 
displacement velocity of one or more of the suspension 
chassis components, which may include a linear height or 
travel sensor, a rotary height or travel sensor, a wheel 
speed sensor used to look for a change in velocity, a 
steering wheel position sensor, a steering wheel velocity 
sensor and a driver heading command input from an 
electronic component that may include steer by wire using 
a hand wheel or joy stick. 

[0030] The roll condition may also be sensed by 
sensing the force or torque associated with the loading 
condition of one or more suspension or chassis components 
including a pressure transducer in an active air 
suspension, a shock absorber sensor such as a load cell, 
a strain gauge, the steering system absolute or relative 
motor load, the steering system pressure of the hydraulic 
lines, a tire lateral force sensor or sensors, a 
longitudinal tire force sensor, a vertical tire force 
sensor or a tire sidewall torsion sensor. 

[0031] The roll condition of the vehicle may also be 
established by one or more of the following translational 
or rotational positions, velocities or accelerations of 
the vehicle including a roll gyro, the roll rate sensor 
34, the yaw rate sensor 28, the lateral acceleration 
sensor 32, a vertical acceleration sensor, a vehicle 
longitudinal acceleration sensor, lateral or vertical 
speed sensor including a wheel-based speed sensor, a 
radar-based speed sensor, a sonar-based speed sensor, a 
laser-based speed sensor or an optical-based speed 
sensor . 
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[0032] Based on the inputs from sensors 28 through 39, 
controller 26 determines a roll condition and actively 
controls any one or more of the safety devices 38 such as 
an airbag 40, an active braking system 41, an active 
front steering system 42, an active rear steering system 
43, an active suspension system 44, and an active anti- 
roll bar system 45, or combinations thereof. Each of the 
systems 40-45 may have their own controllers for 
activating each one of the wheels. 

[0033] Speed sensor 20 may be one of a variety of 
speed sensors known to those skilled in the art. For 
example, a suitable speed sensor may include a sensor at 
every wheel that is averaged by controller 26. 
Preferably, the controller translates the wheel speeds 
into the speed of the vehicle. Yaw rate, steering angle, 
wheel speed, and possibly a slip angle estimate at each 
wheel may be translated back to the speed of the vehicle 
at the center of gravity. Various other algorithms are 
known to those skilled in the art. For example, if speed 
is determined while speeding up or braking around a 
corner, the lowest or highest wheel speed may not be used 
because of its error. Also, a transmission sensor may be 
used to determine vehicle speed. 

[0034] Referring now to Figures 2, 3 and 6, the 
present invention provides an enhanced yaw stability 
control system that will be able to react to both 
excessive yawing (spinning-out) and impending rollover 
events. An advantage of this enhanced system is adding 
an on-road roll stability control function to the 
standard yaw stability control system, integrating the 
control strategies for yawing and rolling motion of the 
vehicle to improve the vehicle handling and safety 
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performances, and a low cost system option, i.e., no 
extra sensors and actuators are required. 

[0035] The standard sensor set used in a yaw stability 
control system includes a yaw rate sensor, a lateral 
acceleration sensor, wheel speed sensor, and steering 
wheel position sensor. The control actuation is 
differential braking of the vehicle wheels. The roll 
stability control function takes advantage of all the 
variables measured and calculated in the yaw stability 
control system. In addition, some roll stability control 
specific variables are also calculated based on the 
sensor signals and the available variables calculated in 
the yaw stability control system. 

[0036] Controller 26 preferably includes a yaw 

stability control (YSC) unit 50, a roll stability control 
(RSC) unit 52, and a function priority and integration 
(FPI) unit 56. The yaw stability unit 50 generates 

various signals that are used by the roll stability unit. 

Also, a switch 54 may couple the roll stability unit to 
the function, priority and integration unit 56. The 
switch 54 may be vehicle operator controlled. 

[0037] Generally, the yaw stability control unit 50 
determines the yaw parameters of the vehicle in step 90 
and a yaw control signal in step 92 based on the above- 
mentioned sensors. Various parameters are calculated in 
the yaw stability control unit such as side slip angle. 
The roll stability control unit uses some of the 
calculations such as side slip angle from the yaw 
stability control unit to determine if the vehicle is 
rolling over. 



11 



[0038] Referring now to Figures 4 and 6, the roll 
stability control unit (RSC) 52 further includes the 
following units: wheel normal loading detection unit 
(WNL) 60, which estimates the normal loading applied to 
the tire/wheel assemblies based on the wheel speed sensor 
signals, the steering angle sensor signal, and the 
calculated vehicle body side slip angle from yaw 
stability control system; a rollover event detection unit 
(RED) 62, which detects if the wheels are lifted by 
comparing the output from WNL 60 with threshold values; a 
roll angle estimation unit (RAE) 64, which uses the 
lateral acceleration sensor signal to estimate the roll 
angle between the vehicle and the average road surface; 
and a roll feedback control unit (RFC) 66, which receives 
the output from RAE 64 to compute the feedback control 
pressures needed for the control system to regulate the 
relative roll angle. RFC 66 also receives the lateral 
acceleration sensor signal and the output from RED to 
determine if a potential rollover event is occurring, and 
based on this information control the brakes or other 
safety device. 

[0039] The unit first checks the RSC enabling switch 
54 in step 94. If this switch is turned off in step 96, 
the RSC function will be disabled and step 90 will be 
repeated. If the enabling switch is turned on, a series 
of processes for achieving roll stability will be 
conducted beginning in step 98. 

[0040] WNL detection unit 60 uses the available 
vehicle side slip angle, the four wheel speed sensor 
signals and the steering wheel angle to detect the normal 
loading applied to each wheel in step 98. Let v^^.v^j^v^ and 
V be the linear velocities of the center of the 
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tire/wheel assemblies at the four corners of a vehicle 
along the tire longitudinal directions. Those linear 
velocities can be further related to the vehicle velocity 
V, at center of gravity, yaw rate Q),. the side-slip angle 
P and the steering angle as in the following 

kinematic relationship: 

vy = V, cos{fi-S,)-coJ l' +t/ cos(ry +S,) 

= V, cos{p-S,)-Q),^jl'+t/cos{rf +d,) (0.1) 

V^=V,C0s(y5)+<y,/ 

where / is the half of the wheel track, i, is the distance 
from the vehicle center of gravity to the front axle and 
the wheel position angle: 



The vehicle side slip angle P in the above is a standard 
variable calculated in yaw stability control system. 

[0041] If all four wheels of the vehicle are 
contacting the road surface, then based on the kinematics 
relationship between the rolling radius, the velocity and 
the rotational speed is: 

Linear _ Velocity = Rotational _ Speed * Rolling _ Radius (0.2) 

[0042] Hence, the rolling radius of the four wheels 
can be computed if all the wheels do not have significant 
slip 
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R,f =— ' ■ 

v.cos 



^ ^rf (0.3) 



v,cos(^)+fl>,/ 

where 0)^,0)^,0)^^ and (0^ are the angular velocities of the 
four wheels measured by the wheel speed sensors. 

[0043] Let N,^o^N^,,N^o and N^^ be the respective normal 
loading of the left- front, right- front, left-rear and 
right-rear wheels under normal driving and loading 
condition, and Rtjo^KfoAro ^^d R^, the corresponding 
rolling radius. Then the total loading in the wheels can 
be expressed as : 

A^^=^^o+^/(^^-^^o) ^^^^^ 



where and fc, are the front and rear tire stiffness 

constants. Notice that the above calculated normal 
loadings are valid when the vehicle wheels does not have 
significant longitudinal slip. This is usually true when 
the four wheels are contacting the road surface. In the 
case of rollover, one or two wheels at one side of the 
vehicle will be lifted and thus may not be contacting the 
road. In this case, the calculated normal loadings in 
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(1.4) are no longer valid. However, if in this case 
there are small amounts of braking pressure sent to the 
lifted wheel or wheels, the braking pressure might well 
lock the wheel or wheels. For example, assume the front- 
left wheel is up in the air, and a active detecting 
pressure is sent to that wheel. Then the calculated 
variable Rj^ in (1.3) will become a veary large number. 
Hence, in this case the calculated A^^^ will be very large. 
If the left-front wheel is not up in the air, the small 
amount of braking pressure will not generate significant 
slip on this wheel, and the calculated value will be 
within a normal range. Hence, with proper thresholds the 
above calculated normal loadings can be used to identify 
when a potential rollover is happening (together with 
sending a small amount of braking pressure to the proper 
wheel) . In step 100, a rollover event is determined 
based on the above abnormal noirmal loading detection or 
the other wheel lifting detection strategies. This wheel 
lifting strategy, called active wheel lifting detection, 
can be summarized as in the following logic for the front 
wheels 
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if roll angle > 6 

• start active wheel lift detection cycle by sending 
a small amount of pressure to front - left brake; 

• compute normal loading ; 

• the front - left wheel is lifted; 

• set wheel lift flag to 1; 

set wheel lift flag to 0 

if roll angle <-0 , , 

• start active wheel lift detection cycle by sending 
a small amount of pressure to front - right brake; 

• compute normal loading iV,^ ; 

• the front - right wheel is lifted; 

• set wheel lift flag to 1; 
else 

set wheel lift flag to 0 



where 6 is the threshold for vehicle roll angle. U,^ and 
are the thresholds for the abnormal normal loading 
due to the lifted front-left and lifted front-right 
wheels. The similar strategy can be easily extended to 
the rear wheels. The vehicle roll angle will be 
calculated later. 

[0044] If a rollover event is not detected in step 100 
step 90 is repeated. If a rollover event is detected, 
the rollover event detection (RED) unit 62 sends out a 
flag signal in step 102 to indicate potential rollover 
based on several or some logic of the following 
occurrences: wheel normal loading unit (WNL) 60 detects 
significant abnormal wheel normal loading, i.e., the 
wheel lift flag is set to 1; the vehicle lateral 
acceleration exceeds a threshold value; the desired roll 
moment, which will be calculated later, to counteract the 
rollover motion exceeds certain threshold value; the 
other wheel lifting detection logic indicate a potential 
wheel lift. 
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[0045] The roll angle estimation unit 64 is used to 
determined the vehicle body roll angle in step 104 with 
respect to the average road on which the vehicle is 
traveling. That is, the magnitude of the relative roll 
angle as 6, is determined. More specifically, the 
relative roll angle can be determined through balancing 
the moments applied to the vehicle body. There are two 
moments applied to the vehicle body along the roll 
direction of the vehicle: the roll moment due to the 
vertical suspension strokes and the roll moment due to 
the lateral tire forces. If we denote the total vehicle 
suspension roll spring rate as and the total vehicle 

suspension roll damping rate as D„„ , then the moment 
induced by the vertical suspension forces can be written 
as 

The total lateral force applied to the vehicle body is 
generated from the lateral tire forces through 
suspensions. This total lateral force generates a 
lateral acceleration, which is measured by the 
acceleration sensor mounted on the center of gravity of 
the vehicle body. Let a, be the lateral acceleration of 
the vehicle body center of gravity, M. as the vehicle 
sprung mass, then the moment applied to the vehicle body 
due to lateral tire forces can be expressed as 

where h is the vertical displacement of the center of 
gravity of vehicle body with respect to the floor of the 
vehicle. By making M^^^ = M^, the relative roll angle 
can be related to the lateral acceleration as in the 
following relationship through Laplace transfer function 
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[0046] A digital implementation of the above can be 
obtained as the following 

+ 1) = ^,(^)+ n(^)* a, + 1) 

where the filtering coefficients are updated based on the 
magnitude of the lateral acceleration to reflect the 
nonlinear suspension spring rate and suspension damping 



n(jk) = 



<^1 

aAk)\<'2 



"3i/|a,(fc)|>^2 



d{k) = 



'Uf\a^(k) 
'3i/|a/fe)|>»2 



a,{k)\<'2 



where A. 4 are the thresholds used to divide the regions 
for the lateral acceleration such that different 
suspension spring rate can be used for calculating the 
relative roll angle. B„B^ are the thresholds used as the 
same purpose for suspension damping rates. 

[0047] The roll feedback control unit 66 calculates a 
feedback control command in step 106 to drive the 
controlled brakes (or other safety device) such that the 
brake actuation could generate the desired counteracting 
rolling moments. The feedback control is used to 
generate the rollover control signal in step 108 in 
response to the relative roll angle signal. 

[0048] If the sequential difference of the relative 
roll angle is defined as: 
^^,{}^) = ^,{k)-e,{k-\) 
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then a feedback control could be written as the following 
uik) = uik-l) + K^imd,(k) + K,{kmk) 

+ C(&4w-2A^,(fc-l) + A^,(*-2)] 
where K^,K„K, and K,, are the adaptive proportional, 
integral, derivative and double derivative control gains. 
They might be scheduled based on the magnitude of the 
lateral acceleration signal and the roll acceleration, 
the rate change of steering angle, the yaw rate sensor 
signal, the roll rate sensor signals, the dynamics of the 
hydraulic brake system or an electro-hydraulic brake 
system. 

[0049] Referring now to Figures 5 and 6, the FPI unit 
56 provides a function priority and integration to 
balance the yaw stability control demand (yaw control 
signal) and the roll stability control demand (roll 
stability control signal) in order to maximize the 
benefit and minimize the counteracting effects between 
the two functions. Three units as shown in the following 
will be used to achieve this: a yaw stability control 
priority determination unit (YSCP unit) 70, a roll 
stability control priority determination unit (RSCP unit) 
12, a yaw stability control and roll stability control 
integration (YRSCI unit) 74. In addition, the active 
braking system 41 is used to generate brake pressure 
commands . 

[0050] The YSC priority determination unit 70 
prioritizes the yaw control signal based upon the 
severity measured from the sensors. 

[0051] The RSC priority determination unit 72 
prioritizes the roll stability control signal based upon 
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the severity from the sensors. The functions of units 70 
and 72 are shown in step 110. 

[0052] The YRSC integration unit 74 receives the 
prioritized signals and generates a safety control signal 
therefore in step 112. The weighting of each signal 
depends on various factors specific to each vehicle. In 
some instances the yaw stability control signal may 
compete with the roll stability control signal. In such 
a case, roll stability control may be given a higher 
priority. In other conditions, the yaw stability control 
signal and roll stability control signal may be remedied 
in the same manner. The prioritization is obtained 
experimentally for each vehicle model, which is a 
function of the vehicle dynamic and static parameters. 

[0053] While particular embodiments of the invention 
have been shown and described, numerous variations and 
alternate embodiments will occur to those skilled in the 
art. Accordingly, it is intended that the invention be 
limited only in terms of the appended claims. 
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